ABSTRACT-The effect of capsaicin-sensitive nerve degeneration (capsaicin-treatment) on the corpus and the antrum was investigated in the absolute ethanol-induced lesion model in rats. The gastric lesions in the antrum were significantly aggravated by the capsaicin-treatment, while those in the corpus were not affected. To clarify the different susceptibility between the antrum and the corpus, the effects on gastric mucosal blood flow (GMBF), mucus secretion and levels of calcitonin gene-related peptide (CGRP) or substance P (Sub P), were investigated by the hydrogen gas clearance method, histochemical methods and immunohistochemical methods, respectively. The GMBF in the antrum was significantly decreased by the capsaicin-treatment, but that in the corpus was not. Moreover, capsaicin-treatment increased the mucus secretion in the antrum, but not in the corpus. Capsaicin-treatment significantly decreased CGRP and Sub P-immunoreactive substances in the vascular smooth muscle in the antrum, but not in the corpus. On the 4th day after absolute ethanol, antral ulcers were observed. From the above results, it was suggested that capsaicin-treatment decreased the gastroprotective ability in the antrum to a greater extent than in the cor pus and this may be caused by the decrease of GMBF through the decrease of CGRP and Sub P-im munoreactive substances.
Recently, capsaicin-sensitive nerve has been reported to play an important role in gastroprotection (1) (2) (3) (4) . The present authors also reported that the oral administration of capsaicin inhibited the formation of ethanol-induced gastric lesions and that, on the contrary, the protective effect of capsaicin was attenuated by capsaicin-sensitive nerve degeneration (capsaicin-treatment) (5) .
Ethanol-induced gastric lesions were prominently ob served in the corpus and rarely in the antrum. However, hyperemia or erosive lesions were often observed by cap saicin-treatment in the antral region. Esplugues and Whit tle (6) also reported that morphine and capsaicin-treat ment increased the antral damage induced by 25 -100010 ethanol. These findings suggest that capsaicin-sensitive nerve degeneration weakens the gastroprotective ability in the antral region to a greater extent than in the corpus.
Peripheral capsaicin-sensitive afferent nerve has been shown to release calcitonin gene-related peptide (CGRP) or substance P (Sub P) (7, 8) . CGRP or Sub P is known to protect against gastric mucosal damages (9, 10) .
In the present study, we investigated the effect of capsai cin-sensitive nerve degeneration on gastroprotective func tions such as gastric mucosal blood flow and mucus secre tion and on the level of CGRP and Sub P to clarify the differential effect on the corpus mucosa and the antral mucosa.
MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats, weighing 220 to 250 g, were used after fasting for 24 hr, but allowed free access to drinking water, before the experiments. Ethanol was ad ministered to the rats only in the study of lesion forma tion.
Lesion formation and evaluation
Gastric lesions were induced by the oral administration of absolute ethanol (5 ml/kg). One hour after the treat ment, the stomach was excised and cut along the greater curvature. The gastric lesions were grossly observed. Gas tric lesions in the corpus were measured and expressed as the sum of the length of lesions (corpus lesion index, mm), and antral lesions were expressed as the product of the measured length and width (antral lesion index, mm'). Gastric lesions were induced in normal rats and capsaicin treated rats. Moreover, on the 4th day after ethanol treatment, gas tric lesions were observed in the vehicle or capsaicin-treat ed rats. 
Measurement of gastric mucosal blood flow
Gastric mucosal blood flow was measured by the hydro gen gas clearance method in the vehicle or capsaicin-treat ed rats. In brief, laparotomy was performed under ure thane (1.2 g/kg, i.p.) anesthesia. Needle type electrodes (Unique Medical, Tokyo) were inserted from the serosa into the basal portion of the gastric mucosa and positioned at the submucosal border of the muscularis mucosae. The electrode was made of a platinum wire, and the sensitive portion was coated by platinum black. A reference electrode (Ag-AgCI) was placed on the hind paw with ECG cream. Measurement and computerized analysis of gastric mucosal blood were performed with a digital UH meter (MHG-D1) (Unique Medical). Gastric mucosal blood flow was measured in both the antral region and the corpus region at the same time.
Histological examination
The stomach specimens in vehicle or capsaicin-treated rats were fixed in buffered 10%-formalin solution. Tissue specimens were made by the regular method and stained by periodic acid Schiff (PAS)-alcian blue. The gastric mu cus level was qualitatively graded into 5 classes according to the density of PAS-staining.
Immunohistochemical examination After rapid dissection of the antrum and the corpus of vehicle or capsaicin-treated rats, the specimens were frozen in liquid nitrogen. Sections of 8-pm-thickness were cut on a cryostat. After fixation with acetone, CGRP and Sub P-immunoreactive substances were stained according to the avidin-biotin peroxidase complex method (ABC) by using selective anti-sera of CGRP and Sub P, respec tively (Cambridge Research Biochemicals, Cambridge, England). CGRP or Sub P-immunoreactive substances were visualized with an image analyzer and qualitatively graded into 3 classes according to the amount of im munoreactive substances.
Denervation of the capsaicin-sensitive afferent nerves
To degenerate the capsaicin-sensitive afferent nerves, capsaicin pretreatment was performed according to the method of Yonei et al. (11) . Capsaicin was dissolved in the vehicle consisting of 10% ethanol, 10% Tween 80 and 80% saline (vol./vol./vol.).
Rats received a total dose of 125 mg/kg capsaicin, s.c. over 2 days, with 25 mg/kg in the morning and 50 mg/kg in the afternoon on the first day and 50 mg/kg once on the second day. The rats were used 10 days after the pretreatment with capsaicin. To check the effectiveness of the degeneration treatment, a 
RESULTS
Gastric lesions
None of the gastric lesions were observed in both the corpus and the antrum on the 10th or 14th days after cap saicin-treatment.
By oral administration of ethanol, in the vehicle-treat ed rats, most of the gastric lesions were induced in the cor pus, while in the capsaicin-treated rats, gastric lesions were induced in both the corpus and the antrum (Fig. 1) . As for the corpus lesion index, no significant difference was observed between the vehicle-treated and capsaicin treated groups (n=5 or 6) (Fig. 2) . However, a significant difference in the antral lesion index was observed between the vehicle-treated and capsaicin-treated groups (P < 0.05) (n = 5 or 6) (Fig. 2) . On the 4th day after absolute ethanol, antral ulcers, which histologically penetrated to the muscularis mu cosae, were observed in the capsaicin-treated group (Fig.  1) , and the antral lesion index and incidence were 21.6± 7.5 mm2 and 5/5, respectively. However, in the ve hicle-treated group, no antral lesions were not observed (n=4).
Gastric mucosal blood flow
In the vehicle-treated rats, the values of gastric mucosal blood flow in the corpus region and the antral region were 86.3±10.6 (n=5) and 96.4±4. 4 (n=5), respectively (Fig. 3) . In the capsaicin-treated rats, the value of gastric mucosal blood flow at the antral region was significantly lower than that in the vehicle-treated rats (P < 0.01), while there was no significant difference in the value at the cor pus region between vehicle-treated rats and capsaicin treated rats (Fig. 3) .
Histological examination PAS-positive substance in the gastric pit was significant ly increased by the capsaicin-treatment (Fig. 4 and Table  1 ). On the contrary, in the corpus, it was not affected by the capsaicin-treatment.
Immunohistochemical examination CGRP-immunoreactive substance was observed around the vascular smooth muscle in the corpus and the antrum (Fig. 5) . However, the density was higher in the antrum than in the corpus. By the capsaicin-treatment, CGRP-immunoreactive substance was significantly decreased in the antrum, but not in the corpus (Table 2) . Fig. 3 . Effect of capsaicin-sensitive afferent nerve degeneration on gastric mucosal blood flow. In the antral region, a significant decrease of gastric mucosal blood flow was observed by capsaicin sensitive afferent nerve degeneration, but not in the corpus region. The data represent the mean±S.E. of 5 rats. **: Significant decrease from the vehicle-treated group (P<0.01). On the other hand, Sub P-immunoreactive substance was also observed in the vascular smooth muscle in both the corpus and the antrum. Sub P-immunoreactive sub stance was also markedly decreased by the capsaicin-treat ment in the antrum, but not in the corpus (Table 2) . 
DISCUSSION
Capsaicin-sensitive afferent nerve has been considered to be responsible for gastric mucosal protection (1-4) . The present authors previously reported a significant ag gravation of antral ulcers induced by 2-deoxy-D-glucose, aspirin and ammonia in capsaicin-treated rats and suggest ed that capsaicin-sensitive nerve degeneration modifies the gastroprotective ability in the antral mucosa to a great er extent than in the corpus mucosa (12) . In the present study, a significant aggravation of antral gastric lesions in duced by absolute ethanol was observed by the capsaicin treatment. Moreover, gastric mucosal blood flow in the antrum was significantly decreased, and CGRP and Sub P-immunoreactive substances were also significantly decreased. The increase of gastric mucosal blood flow has Table 2 . Effect of capsaicin-sensitive afferent nerve degeneration on the calcitonin gene-related peptide (CGRP) and substance P (Sub P) levels in rats been suggested as a mechanism for the gastroprotection by capsaicin (13, 14) . On the 4th day after absolute ethanol treatment, antral ulcer was observed. These find ings suggest that capsaicin-sensitive afferent nerves play a more important gastroprotective role in the antrum than in the corpus.
Many factors have been reported to play an important role in gastroprotective functions such as gastric mucosal blood flow, gastric mucus secretion and alkaline secre tion. Among them, gastric mucosal blood flow appears to play a major role in the gastroprotection through sup plying nutrients and oxygen (15) and to counteract the dis ruption of the gastric mucosal barrier and acid back-diffu sion (16, 17) . In this study, the decrease of gastric mu cosal blood flow was observed in the antral region by the capsaicin-treatment.
Therefore, the decrease of gastric mucosal blood flow by capsaicin-treatment may be the cause of the aggravation of antral gastric lesions induced by absolute ethanol.
On the other hand, mucus secretion also plays an im portant role in the gastric mucosal protection. Ross et al. (18) reported that a pH gradient developed across the mu cus layer on the corpus mucosa of the rat stomach. The present authors (19) and others (20) also reported the ex istence of a pH gradient across the mucus. In the present study, the increase of gastric mucus was observed in the antral mucosa by the capsaicin-treatment. The increase of the mucus may counteract the back-diffusion of acid.
However, the antral lesions induced by ethanol were aggravated by capsaicin-treatment.
To maintain the pH gradient across the mucus, the alkaline secretion has an important role. Most of the alkaline secretion is support ed by the blood. Takeuchi et al. (21) reported the decrease of alkaline secretion in capsaicin-treated rats, although the experimental specimens were from the duodenum of anesthetized rats. Therefore, the decrease of alkaline secretion by the reduced gastric mucosal blood flow might induce the aggravation of gastric lesions. To confirm this speculation, elucidation of the effect of capsaicin-treat ment on the gastric mucosal pH gradient in the antrum will be necessary. The stomach receives a peptidergic afferent innervation mainly from splanchnic nerves (22) (23) (24) . The stimulation of peripheral endings of capsaicin-sensitive nerves in the stomach has proven to evoke the release of vasodilatory peptides such as CGRP or Sub P (25, 26) , whose adminis tration protected against gastric mucosal damage such as ethanol-induced (9, 14) or indomethacin-induced lesions (10) . In the present study, capsaicin treatment caused a marked decrease of CGRP and Sub P-immunoreactive substance in the antral vascular smooth muscle, but not in the corpus vascular smooth muscle. CGRP has been sug gested to protect against mucosal damage by its vasodila tory property (8, 9, 24) . These results were supported by the present finding that antral gastric mucosal blood flow was decreased by capsaicin-treatment.
As to gastric acid secretion, we previously reported that it was enhanced by capsaicin-treatment in rats (12) . There fore, the increase of gastric acid secretion may have ag gravating actions on gastric lesions induced by ethanol in capsaicin-treated rats.
In general, gastric erosive lesions are clearly separated from gastric ulcer by histological criteria, and it is known that erosive lesions do not develop into ulcers. Therefore, it would be very interesting to clarify this situation. The decrease of CGRP or Sub P-immunoreactive substance by capsaicin-treatment may be one of the reasons for the ulceration, but to clarify these points, further experi ments are needed.
As to the corpus lesions, there was no significant differ ence between vehicle-treated rats and capsaicin-treated rats. This may be explained by the findings that gastric mucosal blood flow and CGRP or Sub P-immunoreac tive substance in the corpus were not affected by the cap saicin-treatment.
In conclusion, capsaicin-treatment weakens the antral gastroprotection to a greater extent than does the corpus gastroprotection, presumably by the decrease of gastric mucosal blood flow through the decrease of CGRP or Sub P-immunoreactive substance.
